Résumé.-Nous exposons trois techniques permettant l'utilisation de lasers accordables pour la spectroscopie â haute résolution et pour la spectroscopie picoseconde d'états atomiques excités en couches internes. Ce sont la spectroscopie d'absorption anti-Stokes, l'émission laser induite à partir d'états métastables et l'excitation laser sélective d'états excités en couches internes.
1. Introduction.-Over the last ten years, tunable laser technology has grown at a remarkable rate. By using combinations of dye lasers, frequency doublers and triplers, Raman shifters, and optical parametric oscillators, most of the spectral -1 -1 region between 500 cm to 100,000 cm may now be accessed. In this paper we will discuss several techniques which allow the use of this tunable laser technology for high resolution and picosecond time scale spectroscopy of core-excited atomic levels.
Our interest in these levels arises as a result of their relevance to the construction of extreme ultraviolet (XUV) lasers. In the alkali atoms, core-excited levels in the doublet series which have odd angular momentum and even parity, or even angular momentum and odd parity, are prohibited by LS selection rules from autoionizing into the ground ionic level. Figure 1 shows energy level diagrams for 1 2 possible XUV lasers in Li and K. ' In both cases, energy is first stored in a pure quartet level which lies at or near the bottom of the quartet manifold. The levels are populated by direct electron excitation or by charge transfer from the excited ion. An intense, short pulse tunable laser is then used to transfer this 2 2 population to the upper level of the lasing transition. The ls2p P level of Li decays primarily by emission at 207 A, with a calculated radiative lifetime of 55 P s • The lower level of the laser transition Li (is 2p P°) may be emptied by the same laser which is used for the quartet to doublet transfer, or by a second laser tuned to a discrete level near to the lowest continuum. spontaneously decay, its accumulated population and, therefore, the peak source intensity, may exceed that of a radiating level by a factor of several thousand. To reach this peak intensity the applied visible laser must cause the media to become two-photon opaque to the generated X W radiation. In this sense the radiation source functions as a two-photon blackbody. Figure 2 shows a schematic of apparatus for using the anti-Stokes process as an external source of radiation for high resolution absorption spectroscopy of the 1 3p6 shell of K .~ The He ls2s S level at 166,277 cm-I is used as the metastable storage level. Table 1 shows the spectral regions studied and Fig. 3 shows the results of a typical scan.
For the operating conditions of the hollow cathode glow discharge (2 torr -300 mA), we estimate that the metastable singlet He population was about 5 X 10 11 atoms/cm3. For photons at 6000 the anti-Stokes scattering cross section is background l i g h t from the plasma (~i~. 2 ) and, therefore, no monochromator need be used with the device. W e note t h a t the narrower features i n Fig. 3 have not been previously observed.
In order t o increase the i n t e n s i t y of the radiation source we have constructed a high power microwave pumped He discharge (~i g . 4 ) which operates i n t h e recombination mode. A t a few t o r r pressure and 500 k W of pulsed X-band power we estimate a s i n g l e t storage density of about l 0 l 3 atoms/cm3, with an increase i n output sign a l (compared t o the cw hollow cathode device) of about a f a c t o r of 1000. Part of t h i s increase r e s u l t s from b e t t e r use of grazing incidence i n t h i s geometry. Unfortunately, the higher power discharge a l s o produces much more background radiation than did the cw device and, a t t h i s time, it i s necessary t o use a monochromator as a bandpass f i l t e r i n order t o take spectra.
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The i n t e n s i t y of t h e microwave pumped device (about lo8 photons per second) may be s u f f i c i e n t t o allow i t s use f o r e j e c t e d e l e c t r o n and fluorescence s p e c t r o scopy. In t h e s e cases, t h e narrow band absorption of t h e t a r g e t species a c t s a s a f i l t e r a g a i n s t unwanted background r a d i a t i o n . 3. Emission Spectroscopy of Lithium.-W e next describe an experiment i n which a tunable l a s e r i s used t o cause t h e intercombination t r a n s f e r of metastable 
3/2
XW, thereby providing t h e f i r s t d i r e c t t i e between t h e q u a r t e t and doublet manif o l d s of n e u t r a l L i (~i g . 1 ) .
6
A schematic of t h e apparatus i s shown i n Fig. 5 . Metastable atoms were pre- The s i g n a l from the e l e c t r o n m u l t i p l i e r was i n t e g r a t e d over a 10-ns g a t e coincident with the l a s e r , and then d i g i t i z e d and recorded by a microcomputer. The l a s e r power was a l s o recorded on each shot. During an experiment t h e l a s e r wavelength was scanned many times through t h e region of i n t e r e s t , under computer cont r o l . The r e s u l t s from each scan were added t o previous scans and averaged.
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The apparatus was designed to be able to detect transitions with very small 2 and the absorption of the generated photons is caused by a 6537 8 laser. In Fig. 10 the flashlamp is fired by a 1.06 pn laser and the two-photon absorption is caused by 2 2 0 a near resonant 6104 8 laser. In both cases the initial level (1s 2p P ) is popu- Using laser designation we have observed fluorescence on the transition (ls2p) ' P 3d 2~0 + ls2p 2~ at 2846 2.
6. Excitation Techno1opy.-Our work to date has emphasized pulsed hollow cathode technology which has been developed by Falcone and coworl~ers.~'~ A schematic of a "Tee1'-type device is shown in Fig. 11 . A 2.54 cm diameter stainless steel tube contains Li and acts as an anode. The tee-shaped cathode is suspended by a conducting support rod, through which the negative voltage pulse is applied. The device operates at about 3 kV, draws a current of about 1000 amps, and has a pulse length of about 200 ns. Table 2 gives the population densities which are measured 7. Surmnary.-We have begun the study of a number of new techniques which use lasers to study the core-excited levels of atoms. These include anti-Stokes absorption spectroscopy, laser-induced emission spectroscopy, and laser designation. Each of these techniques is at a very early stage of development. For example, if the microwave excitation method used in the quartet to doublet experiment described a b w e is replaced with the pulsed hollow-cathode discharge, a gain in signal strength of a factor of almost lo3 is expected. In the same spirit, large
